Forbidden lines of Fe xvm, Fe xix, and Fe xxi are identified at 974, 1118, and 1354 Ä, respectively, in NRL ATM solar flare spectra. These lines are due to magnetic dipole transitions between levels of the ground configurations. The widths of the Fe xix and Fe xxi lines are ^0.5 Ä, which is substantially greater than expected in ionization equilibrium. The intensity-time behavior and the widths of these lines are discussed for the 1973 June 15 flare.
Spectra of solar flares have been obtained in the wavelength region from ~970 Â to 4000 A from the NRL normal-incidence spectrograph in the Apollo Telescope Mount on Skylab. These spectra reveal a transition zone that has been greatly affected by the energy released in the flare. Lines from ions such as C iv and O v are enhanced and broadened in flares, and anisotropic mass motions are also observed (Brueckner 1974a) . Although most of the lines observed in the 1000 Â region are transition-zone and chromospheric lines, we have recently identified forbidden lines of Fe xvm, Fe xix, and Fe xxi in flare spectra, which are ions found in the soft X-ray emitting coronal plasmas that overlie the enhanced chromospheric and transitionzone regions. These forbidden lines are similar in type of transition to the well-known forbidden lines emitted in the visible spectral region by the nonflaring corona. Iron ions such as Fe xix, however, exist only in flaring coronal plasmas at electron temperatures on the order of 10 7° K (Doschek 1972) . The temperatures of maximum emitting efficiency of Fe xvm, Fe xix, and Fe xxi are approximately 7 X 10 6 °, 9 X 10 6 °, and 11 X 10 6 0 K, respectively (Jordan 1970) . The identification of the forbidden lines was made on the basis of predicted wavelengths derived from laboratory spectra of iron lines emitted near 100 Á due to transitions of the type, 2s 2 2p k -2s2p k+1 (Feldman et al. , 1975 Doschek et al. 1974) . These lines were observed in spectra obtained from laser-produced plasmas. The predicted wavelengths of some of the forbidden lines can also be derived with a fair degree of accuracy by extrapolating the data for the lighter ions of the isoelectronic sequence given in Atomic Energy Levels (Moore 1949) , and from extrapolations of semi-empirical calculations of Edlén (1969 Edlén ( , 1972 . Table 1 gives the predicted and measured wavelengths of the strongest forbidden lines of highly ionized iron expected in flare spectra. Fe xvu, Fe xx, Fe xxm, and Fe xxiv do not have forbidden lines that are likely to be intense because the ground terms are not split. We * On leave from Tel-Aviv University, Tel Aviv, Israel. Work supported in part by a grant from NASA. were fortunate to be able to observe the forbidden lines of Fe xvm (974 Â) and Fe xix (1118 A) because their wavelengths fall at the short-wavelength end of the spectrograph where the instrument sensitivity is falling rapidly (Bartoe and Brueckner 1974) . In fact, the Fe xvm line has been found on only one plate out of the entire Skylab series, and the Fe xix line only appears on the longest exposure spectra (80 s) of the most intense flares. The Fe xxii line (845 Â) in table 1 was previously observed by the Harvard group in a flare spectrum obtained from OSO-6 (e.g., Noyes 1973); and the Fe xxi line at 2304 Á, although expected in flare spectra, is lost in the strong solar continuum at these wavelengths. The Fe xxm line given in table 1 was not observed, even though it might be expected in flare spectra.
The three forbidden lines found in the NRL flare spectra appear to be produced by two main processes: (a) direct electron-and proton-impact excitation from the ground state into the upper levels of the transitions (Seaton 1964) , and (b) excitation from the ground state to levels of the 2s2p k+l excited configurations followed by cascade into the upper levels of the forbidden transitions. Photoexcitation from the continuum is negligible.
;
A useful aspect of the forbidden lines is their line ^ profiles, which can give information on mass motions § within the plasma. If the Fe xix and Fe xxi ions are assumed to be in ionization equilibrium, then the random mass motions in the coronal plasma can be deduced from the observed forbidden-line widths. For Gaussian profiles, the square of the total line width is the sum of the squares of the Doppler and mass-motion line widths. If ionization equilibrium is assumed, the electron temperature can be calculated (Jordan 1970) : thus the Doppler width is known if it is further assumed that the ion and electron temperatures are equal.
The ionization times of ions such as Fe xix are s for the electron density of ~7 X 10 10 cm -3 deduced by Widing (1974) and Vaiana (1974) for the Fe xxiv line emitting regions. The ion-electron relaxation times can be estimated from Spitzer (1962) , and for N e ~ 7 X 10 10 cm -3 and initial electron and iron ion temperature differences of ^20 X 10 6 0 K the relaxation times are also ~2 s. Therefore, because the time interval over which the June 15 event was observed is ^15 minutes, ionization equilibrium may be a valid assumption, and it may be valid to assume that the electron and ion temperatures are equal. Nevertheless, we still cannot rule out the possibility of continual heating of fresh material and lower electron densities than 7 X 10 10 cm -3 for the Fe xix and Fe xxi line emitting regions, which could result in a nonequilibrium plasma. Figure 2 shows the mass motion velocities deduced from the Fe xix and Fe xxi line profiles assuming that ionization equilibrium is valid. The small difference between the Fe xix and Fe xxi results is not statistically significant. As can be seen, the mass motions are largest ^14 h ll m (the time of the first available spectrum), which was within 5 minutes of the microwave burst that often occurs near the onset of a soft X-ray flare.
No wavelength shifts of the forbidden lines greater than ~20 km s -1 were observed throughout the June 15 event, which indicates that no large anisotropic motions occurred along the line of sight averaged over the bulk of material. Nevertheless, the profiles of some of the Fe xxi lines appear irregular, implying motions that are not strictly random. We may not have observed significant wavelength shifts because the slit of the No. 2, 1975 spectrograph was viewing coronal regions of the flare at the tops of features that appear to be flux loops (Widing 1974) . Because the flare was on the solar disk, motions at the tops of the loops would have been largely perpendicular to the line of sight to the spectrograph.
The time histories of the Fe xix and Fe xxi lines can be compared with the predicted intensity-time behavior of these lines calculated from a multithermal interpretation of broad-band X-ray data obtained for the June 15 event from Solrad 10. We do not discuss the details here, but simply point out that a differential emission measure [dB/d(\n T e ), B = fN? dV, T e = electron temperature] can be derived for an X-ray event using broad-band detector data assuming that the emission arises in a multithermal plasma in ionization equilibrium. The method of the analysis is given in Dere, Horan and Kreplin (1974) . Because broad-band analyses of X-ray data are frequently used in solar physics and X-ray astronomy, and as input data in ionospheric modeling, a comparison of broad-band predictions with high-resolution spectra is important.
The predicted flux in a spectral line is proportional to the product of the population density of the upper level of the forbidden transition and the differential emission measure, integrated over electron temperature. The population density depends on the ionization equilibrium and the excitation processes. The ionization equilibrium was obtained from Jordan (1970) and Beigman, Vainshtein, and Vinogradov (1970) . Using the Van Regemorter (1962) Gaunt factor approximation, we were able to calculate the excitation rates via cascades into the upper levels of the ions from oscillator strengths and Gaunt factors supplied by Cowan (1974) and Davis (1974) , respectively. The direct proton excitation rates between fine-structure levels were roughly estimated from Bely and Faucher (1970) by assuming that the excitation rates for the 2s 2 2p 2 and 2s 2 2p 4 configurations were equal to the averaged rate for the 2s 2 2p and 2s 2 2p b configurations. Direct electron excitation is assumed to be less important than proton excitation (Blaha 1971; Doschek, Meekins, and Cowan 1973) . The direct proton excitation rates in Fe xix and Fe xxi appear to be comparable to the rates due to electron excitation via cascades. We obtained a total effective excitation rate (cm 3 s -1 ) for the upper level of the Fe xix line that is larger by a factor of 1.45 than the L85 corresponding rate for Fe xix. However, more detailed theoretical rate coefficients are needed for highly ionized iron ions. Figure 2 shows the predicted relative forbidden-line intensities of Fe xix and Fe xxi for the June 15 event, based on the Solrad differential emission measure and the atomic rate coefficient estimates made above. The experimental intensities are arbitrarily normalized to the theoretical values at 14 h 14 m , indicated by the arrow in the figure. The actual experimental relative line intensities of the iron lines cannot be usefully compared because of the large uncertainty of the instrument efficiency at 1100 A (0.7 + 0.5%). The total integrated intensity of the Fe xxi line for the June 15 event was comparable^ to the intensities of the N v lines at 1239 and 1243 Â. The agreement between the predictions and observations in figure 2 is not perfect, and it is unfortunate that only a limited number of broad-band data are available. However, it is difficult to evaluate the differences between the time histories of the lines and the theoretical predictions considering the assumptions made in obtaining the broad-band results. In particular, it is not yet well established that the functional form of the differential emission measure assumed by Dere et al. (1974) is correct. Another source of error is that the Solrad 10 broad-band detectors were uncollimated and viewed the entire flare, while the ATM spectrograph viewed a 2" X óO" strip on the Sun. The Fe xxiv emission is wider than 2" (Widing 1974; Brueckner 19746) , and therefore the ATM instrument probably only viewed a portion of the Fe xix and Fe xxi emitting regions.
The Fe xix and Fe xxi lines fall in a spectral region that is accessible to ultraviolet stellar astronomy. The detection of these lines in stellar spectra would indicate the existence of high-temperature coronae that are considerably hotter than the solar corona, and would have important implications for the theory of stellar atmospheres. The detection of these lines in quasar spectra would also indicate the presence of hightemperature plasma associated with these objects.
